Adherence to medicines is vital in treating diseases. Initial medication non-adherence (IMNA) -defined as not obtaining a medication the first time it is prescribed -has been poorly explored. Previous studies show IMNA rates between 6 and 28% in primary care (PC). The aims of this study were to determine prevalence and predictive factors of IMNA in the most prescribed and expensive pharmacotherapeutic groups in the Catalan health system.
Introduction
Although adherence to medicines is vital in achieving clinical goals and treating diseases [1, 2] , research clearly shows high rates of non-adherence [3, 4] . Consequences of nonadherence may vary from worsening health status to an increase in health service usage [1, 5, 6] . However, most studies have focused on post-initiation medication non-adherence (skipping doses, taking lower or higher doses, or discontinuing treatment) and little attention has been paid to initial medication non-adherence (IMNA) [7, 8] . IMNA is defined as not obtaining a medication the first time it is prescribed [9] . IMNA is defined by a preperiod (the minimum time to consider a prescription event as new) and a followup period (the length of time to a dispensing event once a prescription has been made out) [9] . Primary non-adherence has been used as a synonymous term for IMNA as it describes the situation where medication is not dispensed at the pharmacy. However, some authors use the description primary non-adherence regardless of whether it is the first prescription or not, thus including post-IMNA [2, 10] . For the purposes of this study, IMNA is the most accurate term. The first studies reporting IMNA rates were published in the second half of the 2000s [11, 12] . The very few papers that specifically addressed the problem of IMNA suggest that prevalence rates oscillate between 4% and 40% in specific populations or specialized care [13, 14] and between 6% and 28% in the general population in primary care [7, 10, [15] [16] [17] . IMNA rates vary depending on the medication under consideration, the duration of the preperiod and follow-up period, and where the study is performed [9] .
Identifying the medicines with higher IMNA prevalence is important for designing strategies to deal with this issue. The varying preperiod and follow-up period within studies, together with the fact that most studies focused only on specific medication, limit our capacity to identify the most problematic pharmacological groups. To our knowledge, the first study to compare different groups was carried out in Denmark. It involved all the anatomic groups and 15 pharmacotherapeutic groups over a 4-month follow-up period. The highest IMNA rates in anatomic groups were found in drugs from the blood and blood-forming organs and genitourinary system groups, with 16.9% and 12.3% two-year IMNA prevalence, respectively. The pharmacotherapeutic subgroup with the highest IMNA rate was nonsteroidal antiinflammatory drugs [7] .
Adherence is complex health-related behaviour that is affected not only by patient profile but also by interpersonal and institutional factors [1] . IMNA predictive factors include being female, younger age, taking more than three medicines and having a low income [7, 15] . However, there are no studies exploring the impact of the General Practitioner (GP) or Primary Care Centre (PCC) characteristics on IMNA.
Since the patient is never in contact with the prescribed medication, IMNA is a completely specific form of nonadherence which affects the entire health system. Having a detailed view of the pharmacological subgroups where this behaviour is more prevalent and the factors that predict IMNA is necessary to minimize this phenomenon. As far as we know, in Spain, this information has still not been studied in a large population in detail because of the challenge of linking prescription and dispensing databases. The recent connection of prescription and invoicing (i.e., dispensing) databases offers a unique opportunity for health care systems to explore this issue.
The aims of this study were: (i) to calculate IMNA prevalence for the most prescribed and expensive pharmacotherapeutic groups within the Catalan health system; (ii) to determine IMNA predictive factors with respect to prescription, GP and PCC; and (iii) to evaluate how variations in the definition of the IMNA follow-up period affect IMNA rates.
Methods
We followed the STROBE statement for the reporting of observational studies in epidemiology [18] . This was a retrospective, register-based cohort study of primary care patients being prescribed a new medication in Catalonia (Spain) between July 2013 and June 2014. Data were obtained from the public Primary Healthcare System database in Catalonia (Institut Català de la Salut-ICS): System for the Development of Research in Primary Care (SIDIAP) [19] . The study obtained approval from the Idiap-JordiGol i Gurina Ethics Committee (P14/140) and the Fundació Sant Joan de Déu Ethics Committee (PIC-111-14).
Setting
The Spanish public healthcare system provides universal coverage for citizens and foreign nationals. It is funded through taxes and free of charge at the moment of use. With regard to prescribed medication, patients only pay a proportion of the total price of the medication as determined by their employment (pensioner or active) and socioeconomic status. To obtain reimbursement for the dispensed medication, the pharmacies send monthly registries of the medication dispensed to the healthcare authorities. It is a decentralized system, where each of the 17 Spanish Autonomous Communities controls health planning, public health and the management of health services [20] . In Catalonia, a region of over 7.5 million inhabitants, there are 371 publicly funded PCCs. A total of 294 are managed by the ICS and these cover 80% of the Catalan population (5.8 million) [21] . Primary care is the first point of contact with the system. Each individual has an assigned GP who issues all the prescriptions except when he/she is on leave or the consultation is done by a substitute or resident GP.
SIDIAP database
The SIDIAP database was implemented in 2010 and includes all the information on primary care patients covered by the ICS [21] : patients' sociodemographic and clinical data, prescribed and dispensed medication, prescriber, sociodemographic characteristics of the prescriber, PCC and PCC characteristics. Regarding prescriptions, the SIDIAP database registers prescribed medication dispensed at pharmacies. Public sources also register the total cost of the medication, the invoiced amount and the month the pharmacies invoice the ICS.
The SIDIAP database is managed by public healthcare authorities. It is anonymous, encoded and secure, and meets all current legal requirements.
Sample
This study includes patients (>14 years old) that were newly prescribed a medication included in the list of the 10 most prescribed pharmacotherapeutic subgroups or in the seven most costly in 2014 for the ICS (Table 1) . To be considered an initial prescribing event, the length of preperiod required, free of prescriptions from the same pharmacotherapeutic subgroups, was 2 months. A specific rule was stated for the penicillin with extended spectrum subgroup where a preperiod of 1 month was used. There were two exceptions in pharmacotherapeutic subgroup inclusion: (1) combinations of penicillin (including beta-lactamase inhibitors) were 
Outcome
Prescriptions are registered at the moment they are written up while dispensing is registered monthly (when the pharmacies send the invoices to the ICS at the end of the month). Consequently, if a medication is prescribed during the final days of any given month and dispensed the following month, it will be registered as dispensed during the month following prescription. IMNA was defined as not having collected the prescribed medicine from a pharmacy either in the month it was prescribed or the following month (follow-up period).
Potential IMNA predictors at the prescription/patient level were: gender, age (at the time of the prescription), nationality [grouped into Spain, Europe (not including Spain), Africa, Americas and Asia-Oceania], socioeconomic status (five categories, from low to high for urban areas, and a rural category), and active diseases and comorbidities (number of active diseases) at the moment of prescription. Diseases are recorded in the International Statistical Classification of Diseases and Related Health Problems (ICD-10). The most prevalent groups of pathologies were selected in this study and clustered as follows: allergy; pain (including arthritis, arthrosis, rheumatological diseases and back pain); respiratory (including asthma and COPD); disability (including blindness, urinary incontinency and hypoacusia); cardiovascular (cardiovascular diseases, arterial hypertension, dyslipidemia and dependency on alcohol or tobacco, although they are not cardiovascular conditions, are included as cardiovascular risk factors); mental (depression, schizophrenia, and neurotic, stress and somatic symptom disorders); neurological (neuropathy, epilepsy and migraine); diabetes mellitus (DM1 and DM2); digestive (cirrhosis, chronic constipation, hernia hiatus, peptic ulcer, dyspepsia and gastroesophageal reflux disease); and thyroid-related diseases.
Potential IMNA predictors at the GP level were gender, age and GP type (assigned or substitute/resident). Substitute GPs are fully trained GPs who cover for the assigned GP when he or she is on leave and resident GPs are GPs in a training period. At the PCC level, the type of centre (resident-training centre or not) was also registered.
According to the literature, adherence to medicines is related to patient (sociodemographic and clinical), GP and PCC factors [1] . Consequently, this study includes those factors potentially related to non-adherence included in the SIDIAP database.
Analysis
Prevalence of overall IMNA and by pharmacological group was calculated as the proportion of non-filled prescriptions in the month they were issued or the following month. Sensitivity analysis regarding the definition of IMNA was done in two ways. First, the IMNA follow-up period was increased to 2 and 3 months following the prescription month. Second, as a patient may fill the prescription but not initiate the medication, we estimated the proportion, in a worst case scenario, of patients who filled only one prescription in the month it was prescribed or the following month and never filled it again; they may have filled a prescription but not taken the medication.
Four variables had missing values: nationality (40%), socioeconomic status (10%), GP gender (10%) and age (10%). We generated one imputed database using multivariate imputation with chained equations using all the available variables in the model. To assess the reliability of the imputation model, we randomly eliminated the same proportion of missing values from the database without missing data (n = 1319 224) and ran the imputation model. Subsequently, imputed values were compared to the original values. Erroneous imputation values were around 5% in all four variables. GP age was missing only for those GPs that were substitutes and/or resident GPs who were younger than the sample of GPs registered in the database. Thus, age of the GPs was assumed to be 32.5 years, which corresponds to the mean age of substitutes and residents [22] .
To assess the patient, GP and PCC variables that predict IMNA, we used multilevel logistic regression with three levels: prescription, GP and PCC. The intraclass correlation coefficients (ICC) for GP and PCC were 0.023 [95% confidence interval (CI): 0.022; 0.024] and 0.011 (95% CI: 0.009; 0.013), respectively. Parameters of the multilevel models were estimated using the second order Taylor approximation and penalized quasi-likelihood method [23] . First, we tested all variables in bivariate multilevel logistic regression models to determine odds ratios (OR) of potential IMNA predictive factors. To select the relevant variables, we used criteria of statistical significance and effect size. Categorical variables with a P-value < 0.05 and an OR lower than 0.9 or higher than 1.1, and continuous variables with a P-value < 0.05 and an OR lower than 0.99 or higher than 1.01, were included in the multivariate multilevel logistic regression model.
We only explored interactions that met previously explained criteria, i.e., those that were able to invert the OR of any of their isolated terms and the interaction between assigned GP and resident-training PCC because we considered it a high-quality indicator of the training process. Thus, we included the following interactions in the models: PCC type and GP type; nationality and disability, nationality and mental disorder; nationality and patient age; disability and cardiovascular disease; cardiovascular disease and mental disorder; cardiovascular disease and respiratory disease; DM and digestive disorder; DM and thyroid gland-related disorder.
Descriptive analyses were performed with Stata MP13.0 while multilevel analyses were performed with the combination of Stata MP13.0 and MlwiN v.2.33 through the runmlwin command developed by Leckie and Charlton [23] .
Results

Sociodemographic characteristics
A total of 1599 286 patients met the study inclusion criteria. This population was newly prescribed the 2857 948 medications included in the study. There were Initial medication non-adherence: prevalence and predictive factors 6953 GPs from 294 PCCs. Table 2 details the characteristics of patients, GPs and PCCs.
Prevalence of IMNA
IMNA rates and results from the bivariate analysis are presented in Table 1 . Overall, the prevalence of IMNA in the month following prescription was 17.62%. The highest prevalence of IMNA was observed in the anilides group (22.61%) and the lowest in the ACE inhibitors group (7.46%).
The prevalence of IMNA 2 and 3 months following prescription was 16.66% and 16.05%, respectively. Overall, 53.64% of prescriptions were filled before the end of the month following the prescription month and never filled again.
Predictors of IMNA
Univariate analysis. Table 3 shows IMNA predictors based on the bivariate logistic multilevel models. Female and older patients were more likely to initiate treatment. Having a nationality other than Spanish or African was a strong predictor of IMNA. In comparison to not having a particular disease, patients with this active disease, with the exception of allergy, were more likely to initiate medication. Among all nationalities, diabetes mellitus was a strong predictor of initial medication adherence. The odds of IMNA decreased when the number of active diseases increased. When GPs were younger and/or female, IMNA was more likely. The odds of IMNA increased when the prescription was issued by a substitute or a resident GP or at a resident-training PCC.
Interactions. The highest decrease in the likelihood of IMNA when nationality interacts with other pathologies such as mental disorder or disability was shown in other Europeans compared to the same nationality without the pathology. Young age was an IMNA protective factor for all nationalities. Interactions between pathologies might raise or attenuate the likelihood of IMNA but, in all cases, people with comorbidities showed a lower likelihood of IMNA. Being prescribed a new treatment by a substitute/resident GP at a resident-training PCC increased the likelihood of IMNA.
Multivariate analysis. The multilevel multivariate logistic regression model is shown in Table 4 . Older age, being a Spaniard or African and having a disease other than pain or mental disorders were protective factors for IMNA. Clinically relevant interactions include those between nationality and age; nationality and disability; nationality and mental disorders; and type of GP and type of PCC. Figure 1 shows how the prevalence of IMNA, based on this analysis, evolved as patients of different nationalities got older. The African population consistently showed the lowest odds of IMNA independently of age. In the younger population, the nationalities with the greatest likelihood of IMNA were American and Spanish. This changed in the elderly; other European became the nationality with the second highest likelihood of IMNA while Spaniards' likelihood of IMNA decreased and approached that of Africans. Getting a prescription at a teaching centre and/or from a substitute or resident GP increased the odds of IMNA. Mental disorders and disability moderated the likelihood of IMNA in some nationalities. The largest effect was shown for the African population. The African population with a mental disorder had greater likelihood of IMNA than the African population without a mental disorder. This effect was seen in a similar way in the Spanish population but the effect was smaller. In contrast, the population from the Americas has a greater likelihood of initiating pharmacological treatment when they have a mental disorder.
Discussion
This is the first study conducted in Spain, and probably the largest worldwide, to assess IMNA prevalence and predictive factors. It is part of a larger mixed-method project including an ongoing qualitative study. Understanding patients' reasons for non-initiation of medication, together with pharmacoepidemiological results, will complement understanding of IMNA. We found that at least 17.62% of new prescriptions issued in the Catalan public primary care system are not dispensed in the month following prescription. This rate slightly decreases to 16.05% when the follow-up period is 3 months.
Prevalence of IMNA in our study is in line with the findings of other studies which reported rates of IMNA ranging from 9% to 36% on a wide variety of medications prescribed in primary care [7, 16, 17, 24] . Between-country differences could be explained by differences in preperiod and followup period used in the studies. However, Pottegård et al. showed that 90% of patients who filled their prescriptions within 4 months, did it within the first week [7] . Similarly, Shin et al. showed an increase in initial medication adherence of only 1.8% when the follow-up period increased from 14 to 90 days [16] . We only observed an increase in initial medication adherence of 1.5% between 1 and 3 months. These data indicate that most patients who fill a new medication do so within the first month.
Lowest rates of IMNA are observed in penicillins and medications for some chronic conditions [such as ACE inhibitors, HMG CoA reductase inhibitors or selective serotonin reuptake inhibitors (SSRI)]. This supports the hypothesis that initial medication adherence is more likely if patients perceive the disease as severe and/or threatening [25] . In line with this, rates of non-adherence after 1 month are highly reduced after 3 months in all chronic conditions but remained high in treatments typically prescribed for symptomatic diseases (i.e., anilides and proton pump inhibitors). The highest rates of IMNA are observed in medicines prescribed for short-term acute pathologies, such as anilides (e.g., paracetamol), propionic acid derivatives (e.g., ibuprofen) and proton pump inhibitors (e.g., omeprazole). Another possible explanation for IMNA in medications for symptomatic diseases is that the patients had units of the drug in the medicine cabinet ('the medicine-cabinet effect') from previous use (prescription to the patient or a relative, over-the-counter dispensation) [26] .
High rates of single-prescription-filled were seen in pharmacological groups mainly prescribed to treat acute disorders where a single prescription may suffice. However, attention must be paid to medications for chronic pathologies such as ACE inhibitors, SSRIs, insulins and anticholinergics, where filling just one prescription represents a pathology-control failure, independently of whether the medication was taken or not. The greatest rise in rates between the 1-month rate and single-prescription-filled was observed in anticholinergics. Although pathologies treated by these medications also require multiple prescriptions, the explanation may be linked to patient difficulties or unfamiliarity with more complex pharmaceutical devices such as inhalers or nebulizers [27] .
Consistent with other studies [7, [15] [16] [17] 24] , younger people were less likely to initiate treatment. This could be explained by the fact that young people, who are generally healthier, do not perceive the new diagnosis as threatening [25] or, alternatively, react to the new diagnosis with anger and refuse to take medication for a chronic condition [28] .
Nationality showed the highest effect in relation to IMNA, especially among people from the Americas, who usually immigrate from Central and South America [26] . This could be explained by mistrust or misconception about the Spanish health system; Velasco et al. [29] showed that around 25% of people from these countries have difficulties navigating the Spanish primary health care system. Similarly, the prevalence of IMNA is higher in the European and Asian population older than 27 and 65 years, respectively. Cultural beliefs and GP-patient communication might explain these rates, as other authors previously pointed out [30, 31] . Young immigrants, possibly better adapted to the system [32, 33] , have lower rates of IMNA than Spaniards. However, little is known about the adaptation of the young immigrant population to the health care system.
The effect of mental disorders on IMNA varies according to nationality, with higher rates in Asians and Africans with mental disorders. This could be explained by higher social stigma regarding mental disorders in the Asian and African immigrant populations [34, 35] . The increase in likelihood of IMNA in patients with pain disorders might be related to Initial medication non-adherence: prevalence and predictive factors Table 3 IMNA rates and odds ratio for variables at the patient, General Practitioner and Primary Care Centre: multilevel bivariate logistic regression analysis Initial medication non-adherence: prevalence and predictive factors Initial medication non-adherence: prevalence and predictive factors the 'medicine-cabinet effect' and the fact that medication taken for mild symptomatic pathologies, which reduce symptoms without acting on the origin of the disease, may have a low benefit-risk ratio. On the other hand, patients with chronic pathologies such as diabetes or cardiovascular disorders, who may have greater awareness of the consequences of their condition [36, 37] , showed a lower likelihood of IMNA.
The prescriber plays a role in the initiation of medicines. Trust in the GP has been described as associated with achievement of clinical goals and adherence [13, 38] . In our study, prescriptions from assigned GPs showed lower IMNA rates. Furthermore, in resident-training PCCs, prescriptions not issued by the assigned GP had an even higher likelihood of IMNA. Patient trust could decrease because resident GPs are receiving training and are normally younger GPs who conduct the consultation unassisted.
Strengths and limitations
The main strengths of this study are that it is highly representative and considers a large number of pharmacological treatments. Our study included most of the population (80% of the Catalan population). As far as we know, this study analysed one of the largest samples in the pharmacoepidemiological field to date. Interactions between potential IMNA predictive factors have never been explored. In this regard, our results revealed interesting findings. Interpreting those findings was one of the most challenging aspects of the study.
Working with administrative registry studies has inherent limitations. We had missing information about some GPs so we imputed this information to minimize the issue. Some relevant variables -related to patients' beliefs about medication or illness, GP-patient relationship and adverse-effect experiences -which could influence IMNA were not recorded in clinical charts and could not be explored.
The definition of IMNA is based on matching prescription and invoicing databases. The invoicing database only provides monthly invoicing data. This limitation prevented us from determining the exact time span between when the prescription was issued and when it was filled at the pharmacy. Another limitation related to the IMNA definition is that dispensing does not necessarily imply consumption and we might have underestimated IMNA. To deal with this potential limitation, we took a conservative approach and extended the follow-up period to at least 1 month and carried out sensitivity analyses on distinct follow-up periods and by single-filled prescription. In contrast, as previously mentioned, the 'medicine-cabinet effect' might have overestimated the IMNA rate.
In conclusion, the rate of IMNA in Catalonia is high when all medications are taken into account. IMNA rates decreased slightly when follow-up periods longer than 1 month were analysed. IMNA is specially marked in the young population in general and in the older immigrant population. Acute pathologies and related medication are especially sensitive to IMNA. The representativeness of this study may help health planners when establishing new strategies. Improving trust in resident GPs, ensuring optimum care in the vulnerable immigrant population and strengthening the motivation of young people to initiate a needed pharmacological treatment, as well as explaining the importance of not abandoning a newly-prescribed medication, should be addressed in primary care.
Figure 1
Trends in IMNA based on interaction between age of patient and nationality in multilevel multivariate logistic regression model
